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NATIONAL ADVISORY’COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 490
———__ —. ...... .. ____ -.—.

!!2ANKTESTS OF AUXILIARY VANES AS A

SUBSTITUTE FOR PLANIITG AREA

By John B. Parkinson .

suM14ARY

—

——

The results of towing tests made on _tw~~odels at the
request of t_h-eBureau of Aeronautics, ?i?avyDepa-r”tment, ark
presented. The first model rep-resen%s th6- hull of tie” U.S.
Navy PN-8 flying boat. The second r“ep,resents a pro”Fosed.
alteration of the PIT-8, in which the sponsons of the orig-_
inal hull are removed and auxiliary lifting vanes are fit-
ted at the chines immediately forward of the main step.
The tests showed that the altered form ‘gave a large in-
crease in hump resistance and a very undesirable spray
formation through a large part of the spee_d.range. ._ .-.-

}.

INTRODUCTION

The hull of the U, S. lTavy PM-8 flying boat has a -y&de
planing bottom, formed by latera’1 extensions of the sides
below the narrower central part that houses perd’on~~ a_nd~
equipment . These extensions, or ‘sponsonsil extend “from
the bow to a point aft _of the second ste~. It tia-s-proposed
bY the Bureau of Aeronautics, Navy Department%, ‘to”-inv6&tG
gate the yater performance. of a modification of this hull
in which the sponsons are removed and” small auxiliary lift-
ing-vanes--substituted. The vanes we-tieintegdqd ,toa~actti%-
dou%le-surfa”ce hydrofoils at the IoW”er sp”eed”swh~ere @a-n--
ing %egins and to come clear atthe l+igher sye.e@., ~hqr~{_
the narrower planing bottom t~.at results fron the re”moval
of the sponsons would be more efficient. It was hoped
that the modified hull would have less water resis.tqnce
besides being mor~ desirable from considerations of weight,
strength~ and air drag-. .

Model-basin tests of both the original qnd.th.e modi:.
fied hulls were made by the Committee at the lT.A.C.A.”~
tank, Langley Field, Vs., at the request of the Butiea-aof
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Aeronautics. It was planned to ,Wodify an existing PIT-8
flying-boat for full-scale trials should these tests i~di-
cate the desirability bf. such an ar&arigGW3nt.. . ..-

!t!womodels were furnished by ‘~he Bureau for”the inves-
tlgatio~, The first, designated li!~odel.$3!, ,WSISa one-
fifth full-size reproduction of the standard PN-8 hull as
used i~ service. The Second, d.esignat.ed NModel 10fl, was
like Model 9 except that the sponsons were omitted and the
auxiliary vanes substitut”edi ;The models were towed at the
tank in March 1932.

Although the tests weia madd p~imarily for the Navy
Department, permission has been granted to publish the re-
sults, It is lelieved that the manner in which the vanes
‘behaved will be of interest:in spite of the fact that the
‘arrangement” as tested ptioved-to be undes,irable-
.. ,.. .,.

-r r, .. . ..- ..-
,. .. .:: DEi”CRIPTION~””OF MODELS-.

.’ :“. .,.,.-, .,. , ..
,..,

“ l?hoto’gra’phsof the models ae test:e.dare shown in fig-
ures :Land ’2.”’:-They””wereconstructed e.arefully tq.scale
and made hollow ta reduce the weight. .The exterior sur-
faces were smoothly finished with enamel.

t
!Phe models are. .9 feet long, corresponding to a full-

scale ‘“length of 45 feet. This large size of model, made
possihlg. by the high speed of the towing carriage at the
N“,A.C”,A. tatik,”enablesa more” accurate reproduction:of
full-scale phenomena, “particularly that of. spray formation,
which was an important”.cbns’iderht ion in” th.is::~.gv?stigation●

...- .: . .“ :.-.
!~he”sheer ‘~i”ne o“f the full-size hull’ is not reproduced

“in tho:rnotlels. Th~, ,v,ert3.cAl.aides are carried UP to a
etraight sheer’ ~$ne 13.8 inches above the.,ke.e,lat step.

“’The open topg are closed in with light pLywood decking to
keep spray out of~the interiors. ~ - ~~ . ,.:=.. ...

4 “ ..... .- ~~..”:- ..-.-....
~j~e” form o;~”~t”h’e.o”rfgina~~’&:l:~, Model 9, i.s..shown*9,

figtiro ‘1. The alte$ed form of %del 10. and the type of
vanes--employed ar,e”eh.own in f:iguce 2,:.-It can-he seen that
tti”~c~gosh=seati~btialar-ea of. t“hs.mo&if”.iedhull Is (conaider-
ably”a:edu-~ed by t-h-eellmlnatioh of t“he sponson-g; the %eam
of Model,9 is 24.48 inches and that of Mo~61 10 iB .12..38

. . h..-...” .----- ---,.-, ----
inch~f~~..>:,..,- -= ,, ,.,.,.: .,,7-:,::=.=_.::-:.:--=--:.2::=_.,._—-.. .......- .

,...-. . ,, ... --- ,_.~~.&i-.,.,. . . .-....-, .-
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In figure 2, it is seen that the auxiliary vanes are
attached at the chines immediately forward of the main step
so that their under surfaces form a continuation of the
planing bottom. The plan form of the vanes i% trapezoidal
and their longitudinal sections are similar to sharp-nosed
propeller profilOs. The significant dimensions are as fol-
lows:

Root chord. ... . . . . . . . . . . 11,00 iu.

Tip chord. . . . . . . . . . . . . . ‘7.40 in.
.—

Root thickness . . . . . . . . . . . ‘1;00 in.

Tip thickness

Area each vane
(projected on

Beam over vanes

. . . . . . . ..”0 . ‘i67 in.

a horizontal plane) 38,8 Sq.in.

. .. . . . . .**.* 20.30 ill.

APPARATUS AND PROCIlDUPL31

The N.A.C.A. tank and its eq~ipment for testing models
of seaplane hulls are described in reference 1. The larger
towing gear was used for testing Models .9 and 10.

The center of gravity of the complete seaplane was
taken as the towing point and the. center of the trim~ing
moments. For both models this point is 8.75 inches ??or~”
ward of the main step.and 20.1 inches above the base line
(line through the keel at the main step and parallel to
the sheer). The models were bala~ced longitudinally so
that the designed trim at rest, O , was obtained, bu.tothey
were not balanced vertically. At anglee other than O ,
then, the attitude of the models when ‘run free-to-trim was
influenced slightly by the moment about the towing point,
owing to the displacement of the model center of gravity.
The effect of this gravity moment is not thought to be det-
rimental, however, since the net aerodynamic moment of the
actual airplane due to the wings, tail surfaces, and pro-
peller acts in the same direction. .—..

The load on the water at rest for each model was 112
pounds, and the get-away speed was 39-4 feet per seconds
correspo~ding to a full-scale gross load of 14,000 pounds
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and” a ge~-”aw”ayf~eed’ of 60’rn116ss‘per li-~ur;’~-~’ti”~ydrovane
1 ift devtcti ~ebdrlb’tid:ln “Tef6r-dn”&6”1.ti&&-’.%tlj&4%&dto 1if-t
thei model Ju’st-.’dlear”k%‘.*he“get-”aw&y ‘sp08d “R%”& “iis lift: 0

‘ wa’s &Ldsunledtt0““t%ry’:ae ‘“the“k”’qiMf%’of” t’ad”a~kie-ll,%c’a-l”eef-
‘- fe ct.Ori:tlte”lift -of th& “va”fi”ebeing- he&le&”&l’:.”’This pro~

cedure ie equivalent to assuming a constant lift coeffi-
cient for the wings throughout the take-off.

...-. ......... . . . ,,.,.-,.,,.. . . .,, .=

The mode s were towed free-to-trim and at fixed trine
&

..-

of lC15;. 8°, 6. ,.5.0,.and. 40., This. manga o“farigles insured
finding the trim for minimum resistance for each part of
the ‘spe5& range, -In.a succession of:+con$%nt-speed rune “
of the totiing carriage, data were obtained for curves Of

.

r0.si:}tance, A/I?, .ri.se.of .centoer.of ~gravlt”y, trim angle,
and trimming moment against speed. Several photographs
of Mcldel 10 were obtained in t-hat pa”rt of ‘the speed ranflo
w-hers the vanes wero~ i~n coti%”c%ctwith tlie”””mater.

. .- -.
,. .,. . .. . .

TEST RESULTS

-. . .,. .. . .. .

The net values of the quantities measured, obtained
by deducting the usual towing-gear tares (see reference 1)
from the observed values,: ar’e”plbtted ‘in.fi~ures 3 and 4.

‘: These curves show tlie data ~ldtt”ed ag’aine”t speed, both for
the free-to-trim condition and for the varibtis fixed t’T~@SY __
The interpretations of the quantities ‘tireas”-f-ollows:

.

1* The resistance is” equal” ‘t”owatier “resista”nco pi-us
air drag of–the model. *..-

,. :.. - .......—-.—-.-——~.- ~—..— :. ~-+ .—— -----
2: The symbol” b/R is the ratio” of load on *he $a~

—

;— ter to resistance.. The load, ~; at atiy speed;.—-- “v i.s de flig.?dby the relation ,“.
.--. ..’ ,=- . ?. ....-s-. -...>”..—..:~.-F-#-= —-4-. .

, .[” ..,.....

. .
---- .~’:~ ‘Ao - ~ -“(<>g.>[ ““”” , ““ -~

. ...- -:.
.- ,“-”’. i ._ -: :..,. __ .. . _____ _- -=:
.- khere A. is the ~.aitial load, 112’ pounds. - ,

.,

.— . ;---- ““:’’”v&, ‘the get-away i$eod< 39:4af:gi ~-ci--socond.—..- . .. . .?. .---—..,-- -._....—
—

-—

.

:“ *.s-,

-,. -,.-.-- m,

I
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4. The trim angle is measured between the base line
.(orshe~5) of, the:;rnode.l:..ana’ttiehorikon%al t ~
... .. .... . . -.,.- ....... ~, ...... .. ... .,:,--:.-,:~ +. .-,:_- ..-=.S.. ,...,. ,.-:. , r-c

5. The trim-ming momerits:”are g“~”~enwith reference:t~-:
—

the towing point. Moments which tend to raise
:, “ bhe:boware: ‘considered posit~~ei ::Tti6’:.rnom&@i

curve shown f.oT .the..free-to-trim condition -in
y.,.

each-;case:.is .that.of:_th’&,wat.er memen$ equal and
opposit,eto ths gTa.rity’mbment.~’:th6 S%i’s.teace of .
which Was explained in th:e pr~dedihg Eection: :

., ., ..”.-.-, !.: :,.. ,-. . -“,,..?:i. b:+*-.....’.,-.,.
,..,., .’,.: ’,...;----- :..,.-....,:~---, . ...,” .=~~,.,....: ?.:__

,, PRECISION : .. :-’”: -“:: :.,~:
.. .. ......’:..”’ . ..- “:.-... :“ .,~.-“...r. -...’.

,,,,-., ,“..,. .s ..., ,.,.....-..-.-,:
The test results as. given. ‘bythe f~”~red cu~ves tire’e$-

timated to be correct -within the following limits: . , “:
.

.- .Spek3d -.. .0 ; .k Z- i.:dilklf.p.s. ‘ , “T
,.. ‘,,. .~,.,..,.. -.-.... .--.y,,..,,.~.----

~es~Btan~O . . ~ i ; ;.-*0.1 lb. .L .-.—
,,, .

;....~”-~c. -.. .. ...._
Trim anile .- ● ‘.. ..0‘

+: <+’-
. . .-.’.~.‘+0.1. ~ .: ---

. .. ....> .,... .- -+ . . .. .
Tri.m~ing moment ,.:~ ~. :H.o .lb.-ft.” ‘“ ~ .... “

.,,
,, ,,, ... L_. ..*., ,,. ...

Rise of center’ of ~ . .-,.- ---- -
.. gravity .. . . ... .“:;+0.2 in. “ :------- LLa-.~

.. .&,, . .. . ,------ -.. . . .
.,. .-.’ .-= .=*—,.

DISCIJSSIOti’.OF RESULTS ~~ . -.

,“’. ,,

., :-;:~.“ ., .-
The. characteristics of Model 9, ‘as shown by “!the”ctihv%s

of figure 3; are, representative for the t~pe. There sist -
ance and trim angle rise to a maximum at about:38 pdrcent
of the getnaway speed, then drop off as the pro’gressi,vely
unloaded hull continues through the planing regi’on to the
get-awaX speed. Its performance, in geueral, is satisfac-
tory, although the value of A/R at the hump speed is -
rather low as compared with t’hat of more recent designs,

The curveis of figure 4 show marked diffeiericeii ‘in the
characteristics of Model 10a In the region of the hump ‘-”
sQeed, particularly, the trim angle jumps fro’m 5.4° at 15
feet per second to 10° at 17 feet per’se”~ohit, accompanied
by a sharp peak in the resistance curve between these

.,-, _- ,..,. ---.,-,.r._ _,. -‘.. - ..,.:, —,. —
—
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speed,s.:.~..~t,.,.~.e,.vnc.e.rtzai.n.~tist.hu~: the “b.u-ll’~wotild behave at
this EQint under full-scale co~dttions and accoleratud mo-
tl.Acul..,.,-~“:;“-“::.;?<f-:”:,$.”:-. “-“:’,? .. .,+.., _. ------.*V.,-~~i:.*-- .,;-S-----.*~i .-.:.?+.:-- ; 7 .- - .-

.-

>. ;... .. .,, .:,. ,. [,$-: ., -=.=. >-, .-
. ...:., ..... ,.’:: : ; ~ . . . . . ... . . . .. . . . -. .,- ;. .“. -

The. i/.R, c,urv’6&’.f.or ‘the “t&l:~J:OdE.lS“are c“ornpar~d in

figure ;..5----;f13@BQ..,tnur.ves.we~fe :cotistr’q@~tgd‘%y’”fAiring t~le..
up,p.er;.~~+elop.e,..~f‘We. .:A~R “bw.r.v,es: t-n.”f.f@re&” 3 and 4,
i~,en,oe.the,y.sko.w t~~: reaisthirce’..ch:aracbri~’icaca “Yof tho mod-
els,~wk:il,.e,~uu.th~ at Ithe mmBt f-a%o.~ti%le’tr.~m’&n&l e for ea c~l
part of. the speed range. From the curves of this figure
it appears that the vanes act”ed as expected at speeds be-
low the hump and at spe-ed&:~.a.%b~v”6’-:B0porceht of the get-
away. The alteration, however, resnlted in a considcra-oly _
lower value of A/R at the hump, which decreaso mi~ht so-
.ri.owsly.tbrfxit.m the..res~rve-ptropell~$’ :~hTU.steyai+~~l:~,z~t
this pa~ati,;:..; ‘““:.””:;’”‘.’!””~.’.~~~:-r-r.“~’’”””~”:’;’:““” . ‘.:.”.-

T“he sprtiy.char-acteristics. ot Model 10’w~r~” very poor
throughout tho greater portion of the speed range. ~i,~-
ure 6 .illustrat es,:tlie~,bxtreme lldirtin~ss!f of. tho arrange-
ment. .~ese photographs ~ere taken while the ~odel wqs
runnin’g, free-to-trim, “at the spe”ods ildted im ithe figure.
At speeds below 11 feet pm second, .-thevagos ~.an submor~od
and we-r6 prqstifiabiy furnishing lift , ‘but.th6; Ybrebody blis-
ter was objectionable, as shown in (a). At speeds from 12
t-o 15 feet per second, the vanbd’ Mega”t”’to”%a?ceair over
t-heir upper surfades:n “causing a seoon”dary ‘%1’ister which ,
in combination with that of the forebody entrance, gave
t-he very confused spray patterns shown in (b) and (c).
From 15 to 17 feet Q’dii--tieconil(f’igi“’6(”d)),the trim ~ngle
rose sharply, causing the spray to increase i.u quantity
and height until the blister from the vanes rose abqut 12
inch,es~g’bov~qtlle”,q~qe~”~.i~ ‘a~d.’w@~t~&_’XW<”o5Jt””l~ea’ft-er-
iio.dy. At 20 .feqt per wecortd’,:th6 dhin”ws became” dry ati.d ‘
the bl;lsteis thinned down,’ alth,otigh con”sidera”%”lewater was
raise iL=~ecau.@e of the f.nterf’.erenc~of -the led~$’a& edge of
the” +auep with the blister coming from. the hull. ?he””qj-
pearance. of the model at this p“oi.n~is seem in <“p]: ““~hort-
1s’ beyc)nd this condition, the niode”lwas qlaniii#rnoye cl”8an-
1~-.on t;he va~es and rriainstep, a%. show? In (f-)-;-Y””~:....... .

--
...._._. —._> - . .. ..... &._. -=...-—.. .-

The “s~’tia>%%%o:G.n.“from. “Model $!”wah’ normal fdr the type.
Model !,0 was so d.@c.ided~y.i~ferior in this reb@ct tha”t it
was no!; thoug~t. Uecess~ryJ to ibcli~de,spray photb”graphs of
Model.9 for. comparison. . v . . ,,.‘... :-.‘-- ..... ......----.- .-.......... . .:”..”..<...,’....:-.---- :-. .....-..-k:..--~=.~

llo~th~”r-&’~”~el“’~~~ved~’at’~nd.e~lcytoward long~tudlnal. . ... .. .“’ ●.
..

—
. —
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.
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t

instability while under way. The model tests described
.-

herein, however, are not sufficient to give definite as-
surance that Iiporpoisingll would not occur during an actual
take-off.

. .

CONCLUDING REMARKS

As the points of extreme blister interference from
the vanes of.Model 10 coincide reasonably well with the
region of lower A/R on figure 5, the poorer performance
of the altered hull at the hump speed is probably due, in
part , to the extreme lldirtinessll of the vanes as they
emerges After the vanes break the surface, much of the
objectionable water is caused by their leading edg6s1” which
deflect the blister from the main hull up over the aftor-
body. Some means of controlling this condition would have
to be found before the alterations could be successfully
applied to the PIT-8 hull.

The photographs of figure 6 give some evidence that
insufficient planing area was furnished by the narrow hull
and the under surfaces of the vanes. More general tests
at the N.A.C,A, tank on hulls of conventional form have
invariably shown that as hull size, aILd consequently t“ho ●

planing area, is iucreased the A/R ratio at the hump
speed becomes higher.

The undesirable features resulting from the altera-
tion of the PH-8 point to the possibility of improvement
of the vanes by increasing their area and raising their
leading edges. When this is done, the vanes approach the

.

more familiar form of stub-wing stabilizers as used on the
Dornier hulls and others, These stabilizers are primarily

-—

intended to furnish lateral stability at rest in place of
side or wing-tip floats. If properly designed, they may
also materially improve the take-off performance of highly
loaded hulls. Further development along this line is now
being studied by the Committee. .-

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Pa., January 26, 1934.
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Figure8.-Ourvee of meeletmoa,A/FL,rleeo?oantezof gravity, trim engle,aodtrlmmlngmoaen~for
Mel g.Wxlel~altlello~,llalb. Modelget-awayepeed,~Q.4feet peteeoond.
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Speed, f,p,s,

FiSLW 4.- OurveB of Z0S18tPJMe A/R, ziee of oenter of gratity, trim
Y%’f%: z%zz’ent ‘o’Model 10. Model Ioit!al 10uI, 112 lb. Hcdel set-away epeed, 3

—



1(I

8

6

&
R

4

2

0

I

d.

I
I

I

-t----l+rwH+wH+
Tiwe 5.-Caupmhtive performanceof b!odels9 and 10

Speed, f.p. ~.



N.A.C.A. Teohnical Note No.490 I?ig. 6

1

9

(a) 10.8 f.p.s.

[c) 14.7 fop.so

(b) 1204 f.p,s. .

—

(d) 1608 fap,se

(e) 20.1 f.p.s. (f) 24.5 f.p.s.

Figure 6.-8pr~ photographs ofl&od~ 10. “


